Regulation of Mdm2 protein stability and the p53 response by NEDD4-1 E3 ligase.
Mdm2 is a critical negative regulator of the tumor suppressor protein p53. Mdm2 is an E3 ligase whose overexpression leads to functional inactivation of p53. Mdm2 protein stability is regulated by several mechanisms including RING (Really Interesting New Gene) domain-mediated autoubiquitination. Here we report biochemical identification of NEDD4-1 as an E3 ligase for Mdm2 that contributes to the regulation of Mdm2 protein stability in cells. NEDD4-1 was identified from Jurkat cytosolic fractions using an enzyme-dead Mdm2 mutant protein as a substrate for in vitro E3 ligase assays. We show that lysates from Nedd4-1 knockout (KO) mouse embryonic fibroblasts (MEFs) have significantly diminished E3 ligase activity toward Mdm2 compared with lysates from wild-type (WT) MEFs. Recombinant NEDD4-1 promotes Mdm2 ubiquitination in vitro in a concentration- and time-dependent manner. In cells, NEDD4-1 physically interacts with Mdm2 via the RING domain of Mdm2. Overexpression of NEDD4-1, but not an enzyme-dead NEDD4-1CS mutant, increases ubiquitination of Mdm2. NEDD4-1 catalyzes the formation of K63-type polyubiquitin chains on Mdm2 that are distinct from K48-type polyubiquitination chains mediated by the Mdm2/MdmX complex. Importantly, K63-type polyubiquitination by NEDD4-1 competes with K48-type polyubiquitination on Mdm2 in cells. As a result, NEDD4-1-mediated ubiquitination stabilizes Mdm2. NEDD4-1 knockdown reduces the t1/2 (half-life) of endogenous Mdm2 from 20 to 12 min in U2OS cells. Nedd4-1 KO MEFs manifest increased p53 levels and activity, a more robust DNA damage response and increased G1 arrest compared with WT MEFs. Similarly, NEDD4-1 knockdown in WT-p53-bearing cells increases basal p53 levels and activity in an Mdm2-dependent manner, causes stronger p53 responses to DNA damage and results in p53-dependent growth inhibition compared with corresponding NEDD4-1-proficient control cells. This study identifies NEDD4-1 as a novel component of the p53/Mdm2 regulatory feedback loop that controls p53 activity during stress responses.